The compressive creep and the recovery of commecially available composites, 2 kinds for posterior and 2 kinds for anterior use, in water were examined. In posterior composites, creep strain after 500h at a stress level of 8.3kgf/mm2 was significantly small (within 1%). The results of the compressive creep test showed that posterior composites would be resistant to occlusal stress. Creep strain was higher in anterior composites than that in posterior composites because of their lower inorganic filler content. The rate of recovery of composites was rapid immediately after the creep test. The water sorption of composites after 500h test was almost constant at some reduced stress levels, especially in posterior composites. 
INTRODUCTION
Direct filling materials undergo a certain amount of deformation or creep when subjected to dynamic intra-oral stresses.
In amalgam, when creep values are above some level in standardized testing, generally restorations with higher creep alloys experience greater marginal breakdown than those with lower creep alloys. The creep of dental composite resins should also be considered as being one of their most important mechanical properties1), especially in use for posterior restorations as a substitute for dental amalgam. In the oral environment, composite resins undergo water sorption.
Thus it is important to test these materials in water as their plasticity is increased by water sorption.
The results of creep tests have been reported previously2-12). In previous reports10,12) the authors estimated the stress of the hygroscopic expansion of a composite resin derived from the results of compressive creep tests at several compressive stress levels, and the water sorption of the composites was reconfirmed to be almost constant under some reduced compressive stress levels because of the low volumetric strain due to the high filler content of the composite. The objective of this investigation was to determine the compressive creep of commercially available composites until reaching equiliblium in water uptake. 
MATERIALS AND METHODS

RESULTS
Creep strain
The creep strain and the recovery of the composites are shown in Table 1 . Creep with a stress level of 0kgf/mm2 indicates dimensional change by the hygroscopic expansion of the composite. The anterior composites fractured during testing at a stress level of 8.3kgf/mm2, and therefore the creep test was performed with a maximum stress level of 5.1kgf/mm2. The creep strain at a stress level of 5.1kgf/mm2 for SI was 2.89%, a large strain, after the test (Fig. 1) , and that at a stress level of 2.2kgf/mm2 was 0.52% after the test. The creep strain at the stress level tested in CB increased gradually from 100 to 500h, and final creep strains were 0.56% at a stress level of 2.2kgf/mm2 and 0.77% at a stress level of 5.1kgf/mm2. About 500h after completion of the creep test, the dimensional changes in recovery of these specimens approached that of their hygroscopic expansion.
For posterior composites, creep strains at stress levels tested were small from 100 to 500h. The dimensional change after completion of the creep test was within 1% in CP and P50 at a stress level of 8.3kgf/mm2. In recovery, the dimensional change in posterior composites almost coincided with that of their hygroscopic expansion of the specimens (Fig. 2) . Water sorption As shown in Table 2 , the water absorbed in CB after the test between stress levels of 0 and and in CP after the test between stress levels of 0 and 8.3kgf/mm2, were significant at P<0.1 by t-test.
The other samples showed no significant in water absorption after the test at any stress level.
Water sorption between completion of the creep test and recovery, at a stress level of 5.1 kg/mm2 was only significant in SI at P<0.05 by t-test.
DISCUSSION
The creep strain of posterior composites after 500h at a stress level of 8.3kgf/mm2 was within 1%, significantly small, and after completion of the creep test, the large recovery including an initial rapid recovery was observed as described previously12). In the rate of water sorption in the specimens, there were no significant differences between completion of the creep test and the recovery after 500h compared with those at a stress level of 0kgf/mm2. A stress level of 8.3kgf/mm2 in compression is almost equivalent to maximum occlusal stress13). This creep test was longer in duration and performed at a greater stress level than the standardized testing for amalgam from ADAS (creep after 7 days, stress of 3.8kgf/mm2 applied for 4h). The creep strain on the posterior composites including the instantaneous creep strain after 500h at a stress level of 8.3kg/mm2 was very small (within 1%); therefore the posterior composites tested would be resistant to occlusal stress. The creep strain in anterior composites was higher than that posterior composites because of their lower content of inorganic filler as a reinforcing material; inorganic filler contents in SI and CB were about 40-45vol%, while those in P50 and CP were over 70vol
The creep rates between 100h and 500h were calculated. This creep rate was almost equivalent to the steady-state creep rate because creep curves of composites were flat in these areas.
With the exception of SI, linear regressions were obtained for each composite. The order of the creep rate was 10-4%/h at the stress levels measured (Fig. 3) .
Water uptake after the creep test was almost constant at some reduced stress levels, especially in posterior composites.
This was because of their low creep strain due to their high inorganic filler content.
Water uptake between completion of the ceep test and the recovery in SI at a stress level of 5.1kgf/mm2 was significant at a level of P<0.05.
This implies that the craze formation or microcrack would occur at the matrix/filler interface or at the matrix in a composite during the creep test as indicated by large creep strain12,15). The increase in water sorption of the composites after testing under stress compared with the unloaded state may be used as an indicator of whether they were damaged during the test. 
